Study design: Clinical cohort study. Objective: To evaluate if the impact of the severity of the trauma as a possible confounding factor influences the neurological and functional recovery in paraplegia during the course of a 6-month followup period after injury. Setting: Spinal Cord Injury Center, Heidelberg University Hospital, Germany. Methods: A retrospective monocentric analysis, from 2002 to 2008, of the Heidelberg European Multicenter Study about spinal cord injury database was performed. We included 31 paraplegic patients (neurological level T1-T12) who were assigned either to a monotrauma (polytraumaschluessel (PTS) 1) or to a polytrauma (PTSX2) group. The American Spinal Injury Association Impairment Scale, lower extremity motor score, pin prick, light touch and the spinal cord independence measure (SCIM) were obtained at five distinct time points after trauma. Data were analyzed using Mann-Whitney U-test (ao0.05). Results: The changes in lower extremity motor score, pin prick and light touch showed no significant differences in both groups over the whole evaluation period. Polytraumatic paraplegics showed a significantly delayed increase of SCIM between 2 and 6 weeks compared with monotraumatic patients, followed by a quantitative increase in the subitems bladder management, bowel management, use of toilet and prevention of pressure sores between 3 and 6 months (P ¼ 0.031). The mean length of primary rehabilitation in the polytrauma group was 5.5 vs 3.6 months in monotrauma. Conclusions: The prognosis of polytraumatic paraplegics in terms of neurological recovery is not inferior to those with monotrauma. Multiple-injured patients need a prolonged hospital stay to reach the functional outcome of monotraumatic patients.
Introduction
Statistical details report on polytrauma as the most common cause of death in people aged 45 years, with a peak at the age of 20 years. 1 Injuries of thoracic vertebrae in multipletrauma patients are often accompanied by severe thoracic injuries and sensorimotor deficits. Until now, the factor polytrauma, defined as injuries to other body systems in addition to spine injury, 2, 3 has not been analyzed with regard to the neurological and functional status in traumatic paraplegia. Recently, spinal fractures in multiple-injured patients were analyzed based on the German Trauma Society's Trauma Register, which constitutes a prospective, standardized and anonymous documentation on severely injured patients. Out of 8057 patients 10% with severe spine trauma were identified, and of these 47% had neurological deficits at the date of injury. 4 However, follow-up of these patients was not undertaken and, therefore, the dynamics of recovery in multiple-injured paraplegic patients remains still unclear. Permanent damage of the central nervous system, caused by traumatic brain injury or a complete or incomplete injury of the spinal cord, results in long-term consequences with a high economic impact. Spinal cord injuries (SCIs) are devastating events for the patient and his environment. Further, clinical recovery after acute SCIis a multidimen-sional process. Therefore, the acquisition of functional and neurological data of SCI patients, as well as neurological and functional recovery, is of central importance for basic research in the long-term process. 5 Pollard and Apple 6 pointed out that the knowledge of specific factors in tetraplegic patients, which may be associated with neurological recovery, is essential in order to make any prognostic statement. Neurological recovery, defined by the American Spinal Injury Association (ASIA) Impairment Scale (AIS), 7 can influence the functional status and consequently the rehabilitation outcome. 5 The majority of outcome studies on patients with spine injuries focus mainly on the success of operative stabilization, clearance of the spinal canal or rapidity of the performed operation. 8, 9 However, experimental and clinical studies have suggested that acute SCI is a two-step process involving primary and secondary mechanisms. Primary injury of the spinal cord refers to the initial mechanical damage by direct compression due to bone fragments or soft tissue causing damage of neural elements and blood vessels. The secondary mechanism follows the primary injury, including a cascade of biochemical and cellular processes extending throughout the initial lesion.
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The primary aim of our study was to evaluate if the impact of the severity of the trauma as a possible confounding factor influences the neurological and functional recovery in monotraumatic and polytraumatic SCI patients.
The second objective was to compare neurological and functional parameters in a group of paraplegic patients with an isolated vertebral fracture and with multiple injuries during the course of a 6-month follow-up period.
Materials and methods
This study was conducted at the Spinal Cord Injury Center (University Hospital Heidelberg, Germany) specialized in the acute management and rehabilitation of SCI patients. In the context of a multicenter study (European Multicenter Study about spinal cord injury, http://www.emsci.org), 11 standardized data of neurological, neurophysiological and functional investigations are collected in acute SCI patients, with the intention to document spontaneous neurological recovery effects. 12 Meanwhile, all acute SCI patients are documented by 18 European centers according to a standardized investigation protocol including the neurological examinations proposed by the ASIA. 7 The purpose of this study is to establish a multicenter basis for future therapeutic interventions in human SCI. All subjects underwent acute care management and spine surgery (decompression and stabilization). Patients with acute SCI are tested and documented within a fixed time schedule after SCI and must comply with clearly defined inclusion and exclusion criteria. Inclusion criteria are traumatic or single-event ischemic paraplegia or tetraplegia, and a first set of assessments within the first 6 weeks after incidence. Exclusion criteria constituteFbesides singleevent ischemicFnon-traumatic paraplegia or tetraplegia, neurological diseases or injuries other than SCI or reduced cooperation (for example, sedation and intubation).
The collected data from each of the 18 centers are sent to the coordinating center into a central database, with the intention to plan and realize prospective studies investigating outcome measures, mechanisms of spontaneous recovery or the efficiency of new treatment strategies. The ASIA examinations were performed by two trained ASIA experts in order to minimize inter-rater reliability.
The ASIA assessment protocol consists of two sensory examinations, a motor examination and a classification framework (the impairment scale) to quantify the severity of the SCI.
The SCI database of the center of Heidelberg (n ¼ 330, acquisition period in relation to date of injury from 2002 to 2008, including traumatic and non-traumatic SCI patients) has been used for further analysis. Out of a total of 154 traumatic SCI patients, 91 were tetraplegic and 63 were paraplegic, with a neurological level between Th1 and Th12. Inclusion criteria constituted traumatic, early surgically (o24 and 24-72 h) treated paraplegic patients with a neurological level between Th1 and Th12. Further, patients with multiple injuries to other body systems, including a thoracic spine fracture, or paraplegic patients with an isolated vertebral fracture (Th1-Th12) and with a complete neurological and functional follow-up at least over 6 months were included. Patients over 60 years suffering from neurological (for example, traumatic brain injury and epilepsy) or psychiatric diseases resulting in non-reliable results were excluded.
A total of 31 paraplegic patients (neurological level T1-T12) were assigned according to the polytraumaschluessel (PTS) 13 either to a monotrauma (PTS ¼ 1, n ¼ 10) or to a polytrauma (PTSX2, n ¼ 21) group. The PTS, 13 which represents a validated classification tool in multiple-injured patients, was used due to its simple handling and the retrospectively comparable reliability with the injury severity score. 14 This quantitative scoring system categorizes the degree of injury of the five body regions: cranium (polytraumaschluessel subitem Schädel, PTSS), thorax (polytraumaschluessel subitem thorax), abdomen (polytraumaschluessel subitem Abdomen, PTSA), extremities (polytraumaschluessel subitem Extremitäten, PTSE), pelvis/spine (polytraumaschluessel subitem Becken/Wirbelsäule, PTSB), and includes additionally the age of the patient. The summation of point values of each body region after finishing diagnostic investigations provides information about the severity of sustained injuries and patients' prognosis. 13 Radiological documents of the patients were reviewed by a blinded examiner (TG) and the fracture classified among the Arbeitsgemeinschaft für Osteosynthesefragen (AO) classification. 15 Compression fractures were classified as AO type A fractures, flexion/distraction fractures as AO type B and rotational instable fractures as AO type C fractures. Additionally to the European Multicenter Study about spinal cord injury protocol, the PTS and the AO classification were assessed in all included patients in order to define the severity of trauma and the type of fracture. The AIS, lower extremity motor score, pin prick, light touch and the spinal cord independence measure (SCIM) 16 were obtained at five distinct time points (2 weeks, 4-6 weeks, 3 months, 6 months and 1 year after SCI) after trauma according to the European Multicenter Study about spinal cord injury protocol. The SCIM 16 is at present the only comprehensive rating scale that measures the ability of patients with spinal cord lesions to perform everyday tasks. The SCIM includes three subscales: self-care (subscore 0-20), respiration and sphincter management (subscore 0-40) and mobility (subscore 0-40). The total score ranges from 0 to 100. Data were analyzed using SPSS 15.0 (SPSS, Chicago, IL, USA). Standard deviation (s.d.) was shown as plus or minus (±). Differences between groups, were analyzed by the nonparametric Mann-Whitney U-test. The level of significance was assigned at 5%.
Results

Patient characteristics
Extraction from the database resulted in a sample of 31 paraplegic patients with a thoracic spine fracture and paraplegia, 24 male and 7 female patients, who were rehabilitated between 2002 and 2008 at the Spinal Cord Injury Center (University Hospital Heidelberg, Heidelberg, Germany) after operative stabilization in a primary trauma center. The admission from the trauma center to the spinal cord injury center was realized during the first 2 weeks after injury. The stabilization of the spinal column was mainly performed during the first and third days after injury. All patients received decompression of the spinal cord. Dorsal stabilization was the mainly performed operative procedure in 24 patients. The last follow-up examination was in December 2008. The average age of patients was 33 ± 12.5 (15-52) years; whereas no comorbidities were present in 23 patients, diabetes without polyneuropathy (n ¼ 3), hepatitis B (n ¼ 2), cardiovascular disease (n ¼ 1), gastroduodenal disease (n ¼ 1) and hypophysis insufficiency (n ¼ 1) were documented in 8 patients. The PTS in all patients had a mean of 29 ± 9.4 points (interval: 16-46 points) and the PTST, a variable of the PTS for the thorax, had a mean of 12 ± 5.6 points. Patient characteristics after being assigned to either the monotrauma (PTS ¼ 1, n ¼ 10) or the polytrauma (PTSX2, n ¼ 21) group are shown in Table 1 .
Mechanism of injury
The most common cause of accident mechanism was traffic accident in 23 (74%), whereby 5 patients (16%) had an accident as drivers and 6 patients (19%) as front seat passengers. Further, 9 patients (29%) suffered injury from motorcycle accident and 3 patients (10%) from bicycle accident. A fall from heights X3 m occurred in 3 patients (10%) and a fall from heights o3 m in 4 patients (13%). Ski accident was the cause of spine fracture and paraplegia in 1 (3%) patient (Figure 1 ).
Neurological recovery
Complete neurological follow-up included a 6-month follow-up period in the polytrauma and monotrauma groups. Additionally, polytrauma SCI patients had their latest follow-up examination 1 year after injury. The changes in the AIS at 2-4 weeks (first examination) and at 6 months or 1 year (last examination) after polytrauma and monotrauma revealed an approximately similar distribution of Monotraumatic vs polytraumatic paraplegic patients C Putz et al complete paraplegia. In all, 6 (60%) patients of the monotraumatic group compared with 14 (67%) patients of the polytraumatic group showed complete paraplegia that persisted after this period. This distribution of ASIA A patients was shown in both groups (Figure 2 ) to be independent of the severity of fracture. The changes in lower extremity motor score, pin prick and light touch ( Figures 3 and 4) showed no significant differences in both groups over the whole evaluation period (P40.05).
Functional recovery
Between 3 and 6 months the SCIM revealed significant differences (P ¼ 0.031), but almost the same SCIM score was reached in the monotrauma group at 6 months (75.7±19.2) and in the polytrauma group at 1 year (71.2 ± 12.3) after the trauma ( Figure 5 ). Polytraumatic paraplegics showed a significantly delayed increase of SCIM between 2 and 6 weeks, revealed a higher functional gain between 3 and 6 months, and had a longer mean length of primary rehabilitation (5.5 (±2.1) vs 3.6 (±2.1) months), when compared with monotraumatic paraplegics. The difference of means revealed a quantitative increase in the subitems bladder management, bowel management, use of toilet and prevention of pressure sores in the polytrauma compared with the monotrauma group. Patients who had assisted intermittent catheterization and a residual urine volume of 4100 ml were able to handle intermittent self-catheterization between 3 and 6 months. Irregular timing of bowel movements improved to regular bowel movements with and without assistance. Further, patients were able to use the toilet independently with and without adaptive devices, and they were independently in bed mobility, which prevents pressure sores (Table 2 ).
Discussion
The AO classification is useful in correlating fracture type with the frequency of neurological deficits. Madert and Eggers 17 report on neurological deficits, representing only 1% in compression fractures (type A) and 17% in rotatory instable C fractures. The present study confirmed the hypothesis that the severity of spinal fracture, represented by the AO classification, does not go along with a higher incidence of complete and persisting paraplegia in the polytrauma group.
We found a similar distribution of complete paraplegia, 60% in the monotraumatic and 67% in the polytraumatic paraplegics during the course of a 6-12-month evaluation period. Therefore, polytrauma is not a confounding factor in terms of neurological recovery. However, Hebert et al. 2 have
shown that spinal trauma is the major contributor to persistent disability measured by functional independence measure. 18 Further, poorer short-and long-term outcomes were found in patients with traumatic spine injury and polytrauma. In accordance with our study, average age and cause of injury were similar and a greater length of rehabilitation was documented in polytraumatic patients with spinal fractures. In their study population, 64.7% had no neural injury and the remainder had some degree of neurological impairment. A negative correlation between the injury severity score and the lower extremity motor score on admission was found at the time of injury. Unfortunately, no sensible examination, ASIA classification or further neurological follow-up was performed. For this reason, the process of neurological recovery remains uncertain in this collective.
The neurological course of multiple-injured patients and monotraumatic spinal cord injured patients is so far not yet evaluated. From our data we can conclude that all patients who had a C fracture and an AIS A did not show any neurological improvement during 1 year. Course of LEMS within 6 months in monotraumatic paraplegic patients (p00 ¼ minimum, p25 ¼ 25% percentile, p50 ¼ median, p75 ¼ 75% percentile, p100 ¼ maximum and n ¼ number of the patients). p00, p25 and the median were all located at baseline because 50% of the patients had zero points in the LEMS.
A weak point of our study is the absence of preoperative ASIA investigations from the trauma centers. However, it is a common problem that multiple-injured patients are often not adequately examinable due to intubation, traumatic brain injury or sedation. The main injured part of our patients was operated between 0 and 3 days after injury. For this reason, confounding factors such as time interval between injury and operation or surgical intervention were not included in the analysis.
Further, the AIS classification is highly influenced by factors that influence the reliability of scoring sacral segments, for example, assessment of anal sensation. 19 As anal sensation disappeared between the first and the second assessment post injury, one patient regressed from AIS B to AIS A and remained AIS A until the last assessment ( Figure 2 ). Two patients converted from AIS A to AIS B and to AIS C. Spiess et al. 19 pointed out that 'a change in the sacral segments is a prerequisite for a change from AIS A to AIS B and vice versa'. In analyzing the effects of neurological medications, spontaneous conversion of complete to incomplete paraplegia must be strictly separated from pharmacological effects. Though the sample size of our groups is small, our results suggest that the factor polytrauma does not seem to impede neurological recovery. However, further research in a larger patient group is necessary to confirm this statement.
The PTS was used to split the groups into monotraumatic patients with paraplegia and an isolated vertebral fracture, and polytraumatic paraplegics. In its original form, due to anatomical orientation the PTS is practical, transparent and easily calculated. 20 The judgement of the examiner can affect the evaluation of the injury of individual body regions strongly and a precise objective anatomical evaluation is preferable. 21 Teijink et al. 14 proved that the injury severity score compared with the PTS retrospectively showed no better reliability. Number of patients p00 p25 p50 p75 p100 N Figure 5 (a, b) Course of spinal cord independence measure II (SCIM II) within 1 year in polytraumatic paraplegic patients and within 6 months in monotraumatic spinal cord injured patients (p00 ¼ minimum, p25 ¼ 25% percentile, p50 ¼ median, p75 ¼ 75% percentile, p100 ¼ maximum and n ¼ number of the patients).
It is important to acknowledge that neurological recovery does not always produce sufficient functional gain. Therefore, functional outcome measures, such as the SCIM, were developed specifically for SCI patients and validated as an important tool to measure quantitative functional recovery. 16 We showed that between 3 and 6 months the SCIM revealed significant differences (P ¼ 0.031) in polytraumatic paraplegics compared with their counterparts. This reveals the importance of rehabilitation in multiple-injured patients with paraplegia to reach the maximum quantitative increase in learning self-catheterization, bowel management, use of toilet and prevention of pressure sores. A positive consequence could be a decrease of re-hospitalization, an increased independence in daily life activities or psychological factors.
Conclusions
Our results suggest that the prognosis of polytraumatic paraplegics in terms of neurological recovery is not inferior to those with monotrauma. Multiple-injured patients need a prolonged hospital stay to reach the functional outcome of monotraumatic patients. 
